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[Name of document] Scope of claim 
[Claim 1] 

A sound reproducing apparatus for driving a plurality of speakers to reproduce 
multi-channel sound, the sound reproducing apparatus being characterized by comprising: 

a generation means for generating a measuring signal and supplying the measuring 
signal to a to-be-detected speaker of the plurality of speakers; 

n sensors (n is natural number more than 2) disposed in a listening position, each of 
the n sensors transmitting a reception notification when receiving a measuring sound wave 
radiated from the to-be-detected speaker in accordance with the measuring signal; 

a time difference measuring means for measuring a time difference, as to each of the 
n sensors, between a time instant when the measuring signal was generated and a time 
instant when the reception notification was received from each of the n sensors; 

a distance calculating means for calculating a distance, as to each of the n sensors, 
between each of the at least two sensors and the to-be-detected speaker based on the 
measured time difference; 

a position calculating means for calculating a position of the to-be-detected speaker 
based on a distance between the at least two sensors and the calculated distance; and 

a storage means for storing the calculated speaker position. 

[Claim 2] 

A sound reproducing apparatus for driving a plurality of speakers to reproduce 
multi-channel sound, the sound reproducing apparatus being characterized by comprising: 

a generation means for generating a measuring signal and supplying the measuring 
signal to n measuring speakers (n is natural number more than 2) of the plurality of speakers in 
turn, the measuring speakers having known positions with respect to a listening position; 

a sensor attached to a to-be-detected speaker and provided for transmitting a 
reception notification as to each of the n measuring speakers when receiving a measuring 
sound wave radiated from each of the measuring speakers in accordance with the measuring 
signal; 

a time difference measuring means for measuring a time difference, as to each of the 
n measuring speakers, between a time instant when the measuring signal was generated and 
a time instant when the reception notification was received from the sensor; 

a distance calculating means for calculating a distance, as to each of the n speakers, 
between each of the measuring speakers and the to-be-detected speaker based on the 
measured time difference; 

a position calculating means for calculating a position of the to-be-detected speaker 
based on a distance between the at least two measuring speakers and the calculated distance; 
and 

a storage means for storing positions of the n measuring speakers and the calculated 
speaker position. 
[Claim 3] 

A sound reproducing apparatus according to claim 1 or 2, characterized by including: 
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a speaker layout correction means for changing over signal lines from an amplifier to 
the speakers to correct an incorrect layout of the speakers when it is concluded that respective 
speaker positions stored in the storage means are out of a predetermined relative position 
relationship among the speakers. 
[Claim 4] 

A sound reproducing apparatus according to claim 1 or 2 characterized by including: 
a sound field control means for producing sound image localization as if the speakers 

were located in predetermined recommended positions respectively, based on respective 

speaker positions stored in the storage means. 

[Claim 5] 

A sound reproducing apparatus according to claim (1), characterized in that: 
before calculating the position of the speaker, 

the generating means supplies the measuring signals to n measuring speakers in 
which a distance between n speakers of the plurality of speakers is known; 

the n sensors sends acknowledgements when receiving the measuring sounds 
emitted from the measuring speakers in response to the measuring signals for each of the n 
measuring speakers, 

the time-difference measuring means measures time difference between the time of 
generating the measuring signal and the time of receiving the acknowledgements from each 
sensor for each measuring speaker, 

the distance calculating means calculates the distance between the n sensors and 
the measuring speakers based on the measured time difference for each n measuring 
speakers and 

the position calculating means calculates the positions of the n sensors and the 
distance between the n sensors based on the distance between the n sensors and the 
measuring speakers. 
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[Name of document] Specification 

[Title of the invention] Sound Reproducing Apparatus 

[Technical Field] 

[0001] 

The present invention relates to a sound reproducing apparatus for reproducing 
multi-channel sound. Particularly, it relates to a sound reproducing apparatus and a method 
for identifying positions of speakers in which positions of speakers are detected 
two-dimensionally or three-dimensionally so that a sound field can be corrected effectively. 
[Technical Background] 
[0002] 

In recent years, multi-channel audio signals such as 5.1-channel audio signals are 
recorded in some audio sources such as DVDs. Multi-channel sound reproducing systems 
for reproducing such audio sources have been coming into wide use even in general homes. 
In such a multi-channel sound reproducing system, a multi-channel sound reproducing effect 
expected by an audio equipment maker can be obtained when respective speakers are 
disposed in a listening room according to a layout method recommended by the maker. It is 
therefore likely that sound image localization will be out of place if the layout of the speakers is 
greatly different from the recommended layout. 
[0003] 

Therefore, there has been proposed a sound image localization adjusting apparatus 
in which positions of speakers are detected, and a correction process is performed on audio 
signals output from the speakers based on the detected positions so as to correct the sound 
image localization (for example, see Patent Document 1). 

Prior to filing of this description, the present inventor had found no prior-art document 
pertaining to the present invention except the prior-art document specified in prior-art 
document information described in this description. 
[0004] 

[Patent Document 1] JP-A-1 1-1 13099 
[Disclosure of invention] 
[Problem to be solved by the invention] 
[0005] 

However, the sound image localization adjusting apparatus in Patent Document 1 
detects positions of speakers in a one-dimensional detection method in which the distance 
between an amplifier and each speaker is measured based on the length of a speaker cable. 
The sound image localization adjusting apparatus does not detect the positions of the 
speakers two-dimensionally or three-dimensionally. According to the sound image 
localization adjusting apparatus in Patent Document 1 , it is therefore impossible to obtain an 
angle of each speaker with respect to an optimal listening position. Even if this angle is 
greatly different from that in a recommended position, the inappropriate layout of the speakers 
cannot be detected. Thus, there is a problem that only an inadequate sound image 
localization correction process can be performed. 
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[0006] 

The present invention was developed to solve the foregoing problems. An object of 
the present invention is to provide a sound reproducing apparatus and a speaker position 
identifying method in which positions of speakers are detected two-dimensionally or 
three-dimensionally so that a sound field can be corrected. 
[Means for solving the invention] 
[0007] 

In order to attain the foregoing object, the present invention is characterized by 
including the following configurations. 

The present invention provides a sound reproducing apparatus for driving a plurality 
of speakers to reproduce multi-channel sound, the sound reproducing apparatus being 
characterized by including: a generation means for generating a measuring signal and 
supplying the measuring signal to a to-be-detected speaker of the plurality of speakers; n 
sensors (n is natural number more than 2) disposed in a listening position, each of the n 
sensors transmitting a reception notification when receiving a measuring sound wave radiated 
from the to-be-detected speaker in accordance with the measuring signal; a time difference 
measuring means for measuring a time difference, as to each of the n sensors, between a time 
instant when the measuring signal was generated and a time instant when the reception 
notification was received from each of the n sensors; a distance calculating means for 
calculating a distance, as to each of the n sensors, between each of the at least two sensors 
and the to-be-detected speaker based on the measured time difference; a position calculating 
means for calculating a position of the to-be-detected speaker based on a distance between 
the at least two sensors and the calculated distance; and a storage means for storing the 
calculated speaker position. 

The present invention provides a sound reproducing apparatus for driving a plurality 
of speakers to reproduce multi-channel sound, the sound reproducing apparatus being 
characterized by including: a generation means for generating a measuring signal and 
supplying the measuring signal to n measuring speakers (n is natural number more than 2) of 
the plurality of speakers in turn, the measuring speakers having known positions with respect 
to a listening position; a sensor attached to a to-be-detected speaker and provided for 
transmitting a reception notification as to each of the n measuring speakers when receiving a 
measuring sound wave radiated from each of the measuring speakers in accordance with the 
measuring signal; a time difference measuring means for measuring a time difference, as to 
each of the n measuring speakers, between a time instant when the measuring signal was 
generated and a time instant when the reception notification was received from the sensor; a 
distance calculating means for calculating a distance, as to each of the n speakers, between 
each of the measuring speakers and the to-be-detected speaker based on the measured time 
difference; a position calculating means for calculating a position of the to-be-detected speaker 
based on a distance between the at least two measuring speakers and the calculated distance; 
and a storage means for storing positions of the n measuring speakers and the calculated 
speaker position. 
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[0008] ) 

According to the inversion, a sound reproducing apparatus according to the 
arrangement (1), characterized by including: 

a speaker layout correction means for changing over signal lines from an amplifier to 
the speakers to correct an incorrect layout of the speakers when it is concluded that respective 
speaker positions stored in the storage means are out of a predetermined relative position 
relationship among the speakers. 

According to the invention, the sound reproducing apparatus according to the 
paragraph (1), characterized by including: 

a sound field control means for producing sound image localization as if the speakers 
were located in predetermined recommended positions respectively, based on respective 
speaker positions stored in the storage means. 
[0009] 

A sound reproducing apparatus according to the arrangement (1), characterized in 
that: before calculating the position of the speaker, the generating means supplies the 
measuring signals to n measuring speakers in which a distance between n speakers of the 
plurality of speakers is known; the n sensors sends acknowledgements when receiving the 
measuring sounds emitted from the measuring speakers in response to the measuring signals 
for each of the n measuring speakers, and the time-difference measuring means measures 
time difference between the time of generating the measuring signal and the time of receiving 
the acknowledgements from each sensor for each measuring speaker, and the distance 
calculating means calculates the distance between the n sensors and the measuring speakers 
based on the measured time difference for each n measuring speakers and the position 
calculating means calculates the positions of the n sensors and the distance between the n 
sensors based on the distance between the n sensors and the measuring speakers. 
[Effect of the invention] 
[0010] 

According to the present invention, the measuring signals are supplied to the 
to-be-detected speakers and acknowledgements is sent from the n sensors when receiving the 
measuring sounds emitted from the to-be-detected speakers in response to the measuring 
signals, and the time difference between the time of generating the measuring signal and the 
time of receiving the acknowledgements from each sensor for each measuring speaker is 
measured and the positions of the n sensors and the distance between the n sensors based 
on the distance between the n sensors and the measuring speakers is calculated. Therefore, 
the position of the speakers can be detected two-dimensionally or three-dimensionally. As the 
result, according to the invention, the sound field can be corrected, and thus even if the 
position of each speakers is largely deviated from the recommended position, sufficient 
multi-channel sound reproducing effect can be obtained. 
[0011] 

According to the invention, the measuring signals are supplied to the n measuring 
speakers in which a distance between n speakers of the plurality of speakers is known; the n 
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sensors sends acknowledgements when receiving the measuring sounds emitted from the 
measuring speakers in response to the measuring signals for each of the n measuring 
speakers, and time difference between the time of generating the measuring signal and the 
time of receiving the acknowledgements from each sensor for each measuring speaker is 
measured, and the distance between the n sensors and the measuring speakers is calculated 
based on the measured time difference for each n measuring speakers and the position 
calculating means calculates the positions of the n sensors and the distance between the n 
sensors based on the distance between the n sensors and the measuring speakers. Therefore, 
the position of the speakers can be detected two-dimensionally or three-dimensionally. 
[0012] 

By providing the speaker layout correction means, the incorrect layout of the speaker 
can be corrected in the case that the detected position of each speaker is out of the 
predetermined relative position relationship among the speakers. 
[0013] 

By providing the sound field control means, the sound field can be corrected based 
on the result of position detection of the speakers. 
[0014] 

Before calculating the position of the speaker, the measuring signals are supplied to 
n measuring speakers in which a distance between n speakers of the plurality of speakers is 
known; the n sensors sends acknowledgements when receiving the measuring sounds emitted 
from the measuring speakers in response to the measuring signals for each of the n measuring 
speakers, and time difference between the time of generating the measuring signal and the 
time of receiving the acknowledgements from each sensor is measured for each measuring 
speaker, and the distance between the n sensors and the measuring speakers is calculated 
based on the measured time difference for each n measuring speakers and the positions of the 
n sensors and the distance between the n sensors can be calculated based on the distance 
between the n sensors and the measuring speakers. 
Best Mode for Carrying Out the Invention 
[0015] 

First Embodiment 

Embodiments of the present invention will be described below in detail with reference 
to the drawings. Fig. 1 is a block diagram showing the configuration of a sound reproducing 
apparatus according to a first embodiment of the present invention. 

The sound reproducing apparatus in Fig. 1 includes sensors 1 (1-1 and 1-2) for 
detecting positions of speakers SP-C, SP-L, SP-R, SP-RL, SP-RR, SP-RC and SP-SW, and a 
multi-channel amplifier 2. 
[0016] 

The multi-channel amplifier 2 has a decoder 20, a multiplexer 21 , a sound field 
processing portion 22, a changeover switch 23, a power amplifier 24, a measuring signal 
generating portion 25, a reference signal transmitting portion 26, a reception portion 27, a 
position calculating portion 28, a position table 29, a speaker layout correction portion 30 and a 
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sound field control portion 31. 

The measuring signal generating portion 25 constitutes a generation means. The 
reference signal transmitting portion 26 constitutes a transmission means. The position 
calculating portion 28 constitutes a distance calculating means and a position calculating 
means. The position table 29 constitutes a storage means. The speaker layout correction 
portion 30 and the multiplexer 21 constitute a speaker layout correction means. The sound 
field control portion 31 and the sound field processing portion 22 constitute a sound field 
control means. 
[0017] 

Fig. 2 is a block diagram showing the configuration of each sensor 1 (1-1 , 1-2). The 
sensor 1 has a reception portion 10, a microphone 11, a time difference measuring portion 12 
and a transmission portion 13. 

This embodiment will be described using a 6.1 -channel digital surround-sound 
system by way of example. Main speakers SP-L and SP-R, rear speakers SP-RL and SP-RR, 
a center speaker SP-C, a rear center speaker SP-RC and a subwoofer SP-SW are disposed in 
a listening room. 
[0018] 

Brief description will be made on 6.1-channel reproduction. When, for example, a 
digital audio signal DIN compressed and encoded by Dolby (registered trademark) digital or 
the like is input, the decoder 20 of the multi-channel amplifier 2 generates audio signals of 
main signals L (left) and R (right), rear signals RL (rear left) and RR (rear right), a center signal 
C (center), a rear center signal RC (rear center) and a subwoofer signal LFE (low frequency). 
The main signals L and R, the rear signals RL and RR, the center signal C and the rear center 
signal RC are supplied to the power amplifier 24 through the multiplexer 21 , the sound field 
processing portion 22 and the changeover switch 23. The main signals L and R, the rear 
signals RL and RR, the center signal C and the rear center signal RC amplified by the power 
amplifier 24 are supplied to the main speakers SP-L and SP-R, the rear speakers SP-RL and 
SP-RR, the center speaker SP-C and the rear center speaker SP-RC respectively. On the 
other hand, the subwoofer signal LFE is supplied to the subwoofer SP-SW through the 
multiplexer 21 , the sound field processing portion 22 and the changeover switch 23. An 
amplifier is built in the subwoofer SP-SW. Thus, 6.1 -channel reproduction is carried out. 
[0019] 

Next, description will be made on an operation of detecting the positions of the 
speakers and performing sound field correction. Fig. 3 is a flow chart showing a sound field 
correction process according to this embodiment. First, a listener installs the sensors 1-1 and 
1-2 in the listening room. In this event, the sensors 1-1 and 1-2 are disposed to put a 
listening position LP between the sensors 1-1 and 1-2. 

The measuring signal generating portion 25 of the multi-channel amplifier 2 
generates a first measuring signal for detecting a speaker position (Step 101 in Fig. 3). In this 
event, assume that the changeover switch 23 supplies the measuring signal to the center 
speaker (measuring speaker) SP-C, but does not supply the signal to the other speakers. In 
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addition, assume that the measuring signal is supplied to only a left speaker SP-CL of the 
center speaker SP-C, for example, by a not-shown switch or the like in the center speaker 
SP-C, but the measuring signal is not supplied to a right speaker SP-CR of the center speaker 
SP-C. 
[0020] 

The reference signal transmitting portion 26 of the multi-channel amplifier 2 transmits 
a reference signal (second measuring signal) to the sensors 1-1 and 1-2 as soon as the 
measuring signal is generated (Step 102). The reference signal is, for example, an infrared 
radiation or a radio wave. The reference signal may be transmitted by wire. 

The reception portion 10 of the sensor 1-1 receives the reference signal transmitted 
from the multi-channel amplifier 2, and the microphone 1 1 then receives the measuring signal 
(measuring sound wave) radiated from the speaker SP-CL (Step 103). 
[0021] 

Then, the time difference measuring portion 12 of the sensor 1-1 measures a time 
difference between a time instant when the reference signal was received and a time instant 
when the measuring sound wave was received, and notifies the transmission portion 13 of the 
measured time difference, and the transmission portion 13 sends a notification signal to the 
multi-channel amplifier 2 so as to notify the multi-channel amplifier 2 of this time difference 
(Step 104). The notification signal is, for example, an infrared radiation or a radio wave. The 
notification signal may be transmitted by wire. 
[0022] 

As for how to measure the time difference, a time difference between a rising edge of 
the received reference signal and a rising edge of the received measuring sound wave may be 
measured simply when impulsive signals are used as the reference signal and the measuring 
sound wave respectively. Alternatively, the time difference may be measured from a phase 
difference between the received reference signal and the received measuring sound wave 
when periodical signals such as sine waves or the like are used as the reference signal and 
the measuring sound wave respectively. Measurement of the aforementioned time difference 
is also performed in the sensor 1-2. In order to distinguish a notification signal sent from the 
sensor 1-1 from a notification signal sent from the sensor 1-2, it is necessary to send, for 
example, identification information of the sensor 1-1, 1-2 in the notification signal together with 
the measured time difference. 
[0023] 

The reception portion 27 of the multi-channel amplifier 2 receives a notification signal 
from each sensor 1-1 , 1-2, and notifies the position calculating portion 28 of a time difference 
reported by this notification signal. The position calculating portion 28 calculates the distance 
between the speaker SP-CL and the sensor 1-1 based on the time difference measured by the 
sensor 1-1 and the sonic velocity, and calculates the distance between the speaker SP-CL and 
the sensor 1-2 based on the time difference measured by the sensor 1-2 and the sonic velocity 
(Step 105). 
[0024] 
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Fig. 4 is a diagram for explaining this process to calculate the distance between the 
speaker and each sensor. The distance between each sensor 1 and the multi-channel 
amplifier 2 is much shorter than the distance with which an electromagnetic wave travels per 
unit time. Accordingly, the time difference between the time instant when the reference signal 
was transmitted from the multi-channel amplifier 2 and the time instant when this reference 
signal reached the sensor 1-1,1-2 can be regarded as approximately zero. Likewise, the 
distance between the speaker and the multi-channel amplifier 2 is much shorter than the 
distance with which an electric signal travels per unit time. Accordingly, the time difference 
between the time instant when the measuring signal was generated and the time instant when 
this measuring signal reached the speaker SP-CL can be also regarded as approximately zero. 
Thus, a distance L1 1 between the speaker SP-CL and the sensor 1-1 can be calculated based 
on the time difference measured by the sensor 1-1 and the sonic velocity, and a distance L12 
between the speaker SP-CL and the sensor 1-2 can be calculated based on the time 
difference measured by the sensor 1-2 and the sonic velocity. 
[0025] 

Subsequently, return to Step 101 . Processing from Step 101 to Step 105 is carried 
out again. Here, assume that the measuring signal is supplied to only the right speaker 
SP-CR of the center speaker SP-C, but the measuring signal is not supplied to the left speaker 
SP-CL of the center speaker SP-C. The position calculating portion 28 of the multi-channel 
amplifier 2 calculates a distance L13 between the speaker SP-CR and the sensor 1-1 based 
on the time difference measured by the sensor 1-1 and the sonic velocity, and calculates a 
distance L14 between the speaker SP-CR and the sensor 1-2 based on the time difference 
measured by the sensor 1-2 and the sonic velocity (Step 105). 
[0026] 

After termination of calculation of the distances (YES in Step 106), the position 
calculating portion 28 calculates the position of the sensor 1-1 with respect to the center 
speaker SP-C trigonometrically from a known distance L0 between the speakers SP-CL and 
SP-CR and the calculated distances L11 and L13, and likewise calculates the position of the 
sensor 1-2 with respect to the center speaker SP-C from the distance L0 and the calculated 
distances L12 and L14 (Step 107). Assume that the position of the center speaker SP-C is an 
intermediate position between the speakers SP-CL and SP-CR. 
[0027] 

When the positions of the sensors 1-1 and 1-2 are determined, a distance Lx 
between the sensors 1-1 and 1-2 can be obtained. In addition, a listening position LP can be 
determined because the listening position LP is located between the sensors 1-1 and 1-2 as 
described above. Thus, the position of the center speaker SP-C with respect to the listening 
position LP can be obtained based on this listening position LP and the positions of the 
sensors 1-1 and 1-2 with respect to the center speaker SP-C. The position calculating portion 
28 stores the positions of the sensors 1-1 and 1-2 and the speaker SP-C with respect to the 
listening position LP and the distance Lx between the sensors 1-1 and 1-2 into the position 
table 29. 
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Next, the positions of the other speakers SP-L, SP-R, SP-RL, SP-RR, SP-RC and 
SP-SW are detected. 
[0028] 

The measuring signal generating portion 25 of the multi-channel amplifier 2 
generates a measuring signal for detecting a speaker position (Step 108). In this event, 
assume that the changeover switch 23 supplies the measuring signal to the main speaker 
SP-L but does not supply the signal to any other speaker when the speaker SP-L is set as a 
to-be-detected speaker. 
[0029] 

Processing of Steps 1 09-1 1 1 is similar to that of Steps 1 02-1 04. A time difference 
between the time instant when the reference signal transmitted from the multi-channel 
amplifier 2 was received and the time instant when the measuring sound wave radiated from 
the speaker SP-L was received is measured by each sensor 1-1 , 1-2. The multi-channel 
amplifier 2 is notified of the measured time difference through a notification signal. 
[0030] 

The reception portion 27 of the multi-channel amplifier 2 receives the notification 
signal from each sensor 1-1 , 1-2, and informs the position calculating portion 28 of the time 
difference reported by this notification signal. The position calculating portion 28 calculates a 
distance L15 between the speaker SP-L and the sensor 1-1 based on the time difference 
measured by the sensor 1-1 and the sonic velocity, and calculates a distance L16 between the 
speaker SP-L and the sensor 1-2 based on the time difference measured by the sensor 1-2 
and the sonic velocity (Step 112). 
[0031] 

Subsequently, the position calculating portion 28 calculates the position of the main 
speaker SP-L with respect to the sensors 1-1 and 1-2 trigonometrically from the distance Lx 
between the sensors 1-1 and 1-2 stored in the position table 29 and the calculated distances 
L15 and L16, and calculates the position of the main speaker SP-L with respect to the listening 
position LP based on this calculation result and the positions of the sensors 1-1 and 1-2 stored 
in the position table 29, so that the position calculating portion 28 stores this position of the 
speaker SP-L in the position table 29 (Step 1 1 3). 
[0032] 

The processing of Steps 108-1 13 as described above are carried out upon the other 
speakers SP-R, SP-RL, SP-RR, SP-RC and SP-SW in turn. After termination of calculation of 
positions of the respective speakers (YES in Step 114), the speaker layout correction portion 
30 determines whether there is an error in the relative position relationship among the 
speakers or not, based on the positions of the speakers SP-L, SP-R, SP-RL, SP-RR, SP-C 
and SP-RC and the subwoofer SP-SW stored in the position table 29 (Step 1 1 5). This 
determination process is to roughly determine whether the layout of the speakers is correct or 
incorrect. There are predetermined rules in the relative position relationship among the 
speakers, such that the main speaker SP-L must be on the left side of the center speaker 
SP-C, and the rear speaker SP-RL must be at the rear of the main speaker SP-L. It is 
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determined whether each speaker has been disposed according to these rules or not. 
[0033] 

When it is concluded in Step 1 15 that there is an error in the layout of the speakers, 
the speaker layout correction portion 30 controls the multiplexer 21 to change over the lines 
and thereby correct the incorrect layout of the speakers (Step 116). When, for example, the 
main speakers SP-L and SP-R are disposed inversely, main signals L and R to be supplied 
from the decoder 20 to the sound field processing portion 22 through the multiplexer 21 are 
replaced with each other. Thus, the incorrect layout of the speakers SP-L and SP-R can be 
corrected. 
[0034] 

Next, the sound field processing portion 22 performs various sound field processes, if 
necessary, upon main signals L and R, rear signals RL and RR, a center signal C, a rear 
center signal RC and a subwoofer signal LFE which are input from the decoder 20 through the 
multiplexer 21 . In this event, when the position of each speaker stored in the position table 29 
is deviated from the predetermined recommended position of the speaker, the sound field 
control portion 31 controls the sound field processing portion 22 to correct the sound field to 
realize sound image localization as if the speaker were in the recommended position (Step 
117). This sound field correction can be attained by the sound field processing portion 22 by 
adjusting a delay time, a gain, etc. of each signal supplied from the multiplexer 21 . 
[0035] 

In such a manner, according to this embodiment, the position of each speaker is 
detected two-dimensionally, and the sound field is corrected based on this detection result. 
Accordingly, even if the position of each speaker is largely deviated from its recommended 
position, it is possible to obtain a sufficient multi-channel sound reproducing effect. 

When the distance Lx between the sensors 1-1 and 1-2 is known, the processing of 
Steps 101-107 does not have to be carried out, but it will go well if the positions of the 
speakers SP-L, SP-R, SP-RL, SP-RR, SP-C and SP-RC and the subwoofer SP-SW are 
detected in the processing of Steps 108-1 14. 
[0036] 

Second Embodiment 

Next, description will be made on a second embodiment of the present invention. 
This embodiment is to explain operation in the case where the listening position LP is changed 
for some reason after the position of each speaker is detected in the first embodiment. 
Therefore, the configuration as the sound reproducing apparatus is the same as that in Fig. 1. 
Description will be made using the reference numerals in Fig. 1 . Fig. 5 is a flow chart 
showing a process when the listening position LP is changed. 
[0037] 

First, a listener installs the sensor 1-1 in a changed listening position LP' as shown in 
Fig. 6. In this event, the sensor 1-2 may not have to be installed. 

The measuring signal generating portion 25 of the multi-channel amplifier 2 
generates a measuring signal for detecting a speaker position (Step 201 in Fig. 5). In this 
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event, assume that the changeover switch 23 supplies the measuring signal to the center 
speaker SP-C, but does not supply the signal to the other speakers. In addition, assume that 
the measuring signal is supplied to only the left speaker SP-CL of the center speaker SP-C, 
but the measuring signal is not supplied to the right speaker SP-CR of the center speaker 
SP-C. 
[0038] 

Processing of Steps 202-204 is the same as that of Steps 1 02-1 04 in Fig. 3. The 
position calculating portion 28 calculates the distance L1 1 between the speaker SP-CL and the 
sensor 1-1 based on the time difference measured by the sensor 1-1 and the sonic velocity 
(Step 205). 

Subsequently, return to Step 201 . Processing from Step 201 to Step 205 is carried 
out again. Here, assume that the measuring signal is supplied to only the right speaker 
SP-CR of the center speaker SP-C, but the measuring signal is not supplied to the left speaker 
SP-CL of the center speaker SP-C. The position calculating portion 28 calculates the 
distance L13 between the speaker SP-CR and the sensor 1-1 based on the time difference 
measured by the sensor 1-1 and the sonic velocity (Step 205). 
[0039] 

After termination of calculation of the distances (YES in Step 206), the position 
calculating portion 28 calculates the position of the sensor 1-1 (listening position LP*) with 
respect to the center speaker SP-C trigonometrically from the known distance L0 between the 
speakers SP-CL and SP-CR and the calculated distances L1 1 and L13 (Step 207). The 
positions of the speakers SP-L, SP-R, SP-RL, SP-RR, SP-C and SP-RC and the subwoofer 
SP-SW with respect to the listening position LP before the change are stored in the position 
table 29 in advance. The position calculating portion 28 calculates the position of each 
speaker with respect to the changed listening position LP' based on the position of the speaker 
stored in the position table 29 and the calculated position of the sensor 1-1 , and updates the 
position of the speaker stored in the position table 29 (Step 208). 
[0040] 

The sound field control portion 31 controls the sound field processing portion 22 to 
correct the sound field based on the position of each speaker stored in the position table 29 
(Step 209). This sound field correction process is the same as that of Step 1 17 in Fig. 3. 

In such a manner, according to this embodiment, it is possible to deal with a change 
of the listening position LP. 
[0041] 

When there is an obstacle between the changed listening position LP' and the center 
speaker SP-C, the time difference between the time instant when the reference signal is 
received and the time instant when the measuring sound wave is received cannot be 
measured correctly by the sensor 1-1 . In such a case, for example, in accordance with 
listener's designation, the changeover switch 23 may be manually controlled to perform the 
processing of Steps 201-206 using other speakers with no obstacle between the speakers and 
the listening position LP'. It will go well if the position of the sensor 1-1 is detected thus. The 
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number of speakers required for detecting the position of the sensor 1-1 is at least two. 
[0042] 

When four or more speakers are used, the position of the sensor 1-1 can be detected 
automatically even if there is an obstacle between one of the speakers and the changed 
listening position LP'. For example, the number of combinations is six when measuring is 
performed with two speakers selected from four speakers each time. Therefore, the position 
calculating portion 28 performs the processing of Steps 201-207 upon each of the six 
combinations. When the positions of the sensor 1-1 calculated in all the combinations are 
substantially coincident with each other (when an error between these positions is not higher 
than a predetermined threshold value), this position is used as a correct value. 
[0043] 

Assume that the calculated positions of the sensor 1-1 are substantially coincident to 
each other in three combinations, and the calculated positions of the sensor 1-1 are greatly 
different from each other in the other combinations. In this case, the substantially coincident 
position of the sensor 1-1 is used as a correct value. 

When there are no combination in which the positions of the sensor 1-1 are 
substantially coincident to each other, it can be considered that at least two speakers are not 
suitable for measuring. In this case, the position calculating portion 28 performs the 
processing of Steps 201-207 with another selected combination of four speakers different from 
the four speakers used for measuring. Thus, the combination is selected to include three or 
more speakers in which the positions of the sensor 1-1 are substantially coincident. 
[0044] 

Third Embodiment 

Next, description will be made on a third embodiment of the present invention. Fig. 
7 is a block diagram showing the configuration of a sound reproducing apparatus according to 
the third embodiment of the present invention. Constituents the same as those in Fig. 1 are 
referenced correspondingly. The sound reproducing apparatus in Fig. 7 includes sensors 1a 
(1a-1 and 1a-2) and a multi-channel amplifier 2a. 
[0045] 

Although a time difference for calculating a distance between a speaker and a sensor 
is measured by the sensor 1 in the first embodiment, a time difference measuring portion 32 
for measuring a time difference is provided in the multi-channel amplifier 2a in this 
embodiment. 

Fig. 8 is a block diagram showing the configuration of each sensor 1a (1a-1 , 1a-2). 
The sensor 1a has a microphone 1 1 and a transmission portion 13a. 
[0046] 

Fig. 9 is a flow chart showing a sound field correction process according to this 
embodiment. In the same manner as in the first embodiment, a listener installs the sensors 
1a-1 and 1a-2 in a listening room so that a listening position LP is put between the sensors 
1a-1 and 1a-2. 

Processing of Step 301 in Fig. 9 is the same as that of Step 101 in Fig. 3, in which a 



15 



measuring signal is supplied from a measuring signal generating portion 25 of the 

multi-channel amplifier 2a to a speaker SP-CL. 

[0047] 

When the measuring signal (measuring sound wave) radiated from the speaker 
SP-CL is received by a microphone 11, a transmission portion 13a of the sensor 1a- 1 sends a 
notification signal to the multi-channel amplifier 2a so as to notify the multi-channel amplifier 2a 
of the fact that the measuring sound wave has been received (Step 302). Such a reception 
notification is also sent from the sensor 1a-2 in the same manner. 
[0048] 

When receiving a notification signal from each sensor 1a-1, 1a-2, a reception portion 
27 of the multi-channel amplifier 2a notifies a time difference measuring portion 32 of this 
reception. The time difference measuring portion 32 measures a time difference between the 
time instant when the measuring signal was generated from the measuring signal generating 
portion 25 and the time instant when the reception notification was received from the sensor 
1 a-1 . In the same manner, the time difference measuring portion 32 measures a time 
difference between the time instant when the measuring signal was generated and the time 
instant when the reception notification was received from the sensor 1a-2. The time 
difference measuring portion 32 notifies a position calculating portion 28 of the measured time 
differences (Step 303). 
[0049] 

Here, description will be made on calculation of a distance between a speaker and a 
sensor. As described with reference to Fig. 4, the time difference between the time instant 
when the measuring signal was generated and the time instant when this measuring signal 
reached the speaker SP-CL can be regarded as approximately zero. Thus, the position 
calculating portion 28 calculates a distance L1 1 between the speaker SP-CL and the sensor 
1a-1 based on the time difference between the time instant when the measuring signal was 
generated and the time instant when the reception notification was received from the sensor 
1a-1 , and the sonic velocity, and calculates a distance L12 between the speaker SP-CL and 
the sensor 1a-2 based on the time difference between the time instant when the measuring 
signal was generated and the time instant when the reception notification was received from 
the sensor 1a-2, and the sonic velocity (Step 304). 
[0050] 

Subsequently, return to Step 301 . Processing from Step 301 to Step 304 is carried 
out again. Here, assume that the measuring signal is supplied to only the right speaker 
SP-CR of the center speaker SP-C, but the measuring signal is not supplied to the left speaker 
SP-CL of the center speaker SP-C. The position calculating portion 28 calculates a distance 
between the speaker SP-CR and the sensor 1a-1 based on the time difference between the 
time instant when the measuring signal was generated from the measuring signal generating 
portion 25 and the time instant when the reception notification was received from the sensor 
1a-1 , and the sonic velocity, and calculates a distance between the speaker SP-CR and the 
sensor 1a-2 based on the time difference between the time instant when the measuring signal 
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was generated and the time instant when the reception notification was received from the 

sensor 1a-2, and the sonic velocity (Step 304). 

[0051] 

After termination of calculation of the distances (YES in Step 305), the position 
calculating portion 28 calculates the positions of the sensors 1-1 a and 1a-2 and the speaker 
SP-C with respect to a listening position LP, and a distance Lx between the sensors 1a-1 and 
1a-2, and stores the calculated positions and the distance Lx into a position table 29 (Step 
306). This processing of Step 306 is similar to that of Step 107 in Fig. 3. 
[0052] 

Next, the positions of the other speakers SP-L, SP-R, SP-RL, SP-RR, SP-RC and 
SP-SW are detected. 

Processing of Step 307 in Fig. 9 is the same as that of Step 108 in Fig. 3. 
Processing of Steps 308 and 309 is similar to that of Steps 302 and 303 respectively. When 
the measuring sound wave radiated from the speaker SP-L is received by the sensor 1a-1 , 
1a-2, a notification signal is sent to the multi-channel amplifier 2a so as to notify the 
multi-channel amplifier 2a of this reception. The time difference measuring portion 32 of the 
multi-channel amplifier 2a measures a time difference between the time instant when the 
measuring signal was generated from the measuring signal generating portion 25 and the time 
instant when the reception notification was received from the sensor 1a-1 , and calculates a 
time difference between the time instant when the measuring signal was generated and the 
time instant when the reception notification was received from the sensor 1a-2. 
[0053] 

The position calculating portion 28 calculates a distance L15 between the speaker 
SP-L and the sensor 1a-1 based on a time difference between the time instant when the 
measuring signal was generated and the time instant when the reception notification was 
received from the sensor 1a-1 , and the sonic velocity, and calculates a distance L16 between 
the speaker SP-L and the sensor 1a-2 based on a time difference between the time instant 
when the measuring signal was generated and the time instant when the reception notification 
was received from the sensor 1 a-2, and the sonic velocity (Step 310). 
[0054] 

Subsequently, the position calculating portion 28 calculates the position of the main 
speaker SP-L with respect to the sensors 1a-1 and 1a-2 trigonometrically from the distance Lx 
between the sensors 1a-1 and 1a-2 stored in the position table 29 and the calculated distances 
L15 and L16, and calculates the position of the main speaker SP-L with respect to the listening 
position LP based on this calculation result and the positions of the sensors 1a-1 and 1a-2 
stored in the position table 29, so that the position calculating portion 28 stores this position of 
the speaker SP-L in the position table 29 (Step 31 1). 
[0055] 

The processing of Steps 307-31 1 as described above are carried out upon the other 
speakers SP-R, SP-RL, SP-RR, SP-RC and SP-SW in turn. 

Processing of Steps 313, 314 and 315 is the same as that of Steps 115, 116 and 117 
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in Fig. 3 respectively. 
[0056] 

in such a manner, according to this embodiment, time differences are measured by 
the multi-channel amplifier 2a so as to calculate a distance between a speaker and a sensor. 
It is therefore possible to obtain an effect similar to that of the first embodiment. 

When the distance Lx between the sensors 1-1 and 1-2 is known, the processing of 
Steps 301-306 does not have to be carried out, but it will go well if the positions of the 
speakers SP-L, SP-R, SP-RL, SP-RR, SP-C and SP-RC and the subwoofer SP-SW are 
detected in the processing of Steps 307-312. 
[0057] 

Fourth Embodiment 

Next, description will be made on a fourth embodiment of the present invention. Fig. 
10 is a diagram for explaining a speaker position detection process according to this 
embodiment. The configuration of a multi-channel amplifier is similar to that in the third 
embodiment. Therefore, description will be made using the reference numerals in Fig. 7. 
[0058] 

It is assumed in this embodiment that the position of a center speaker SP-C with 
respect to a listening position LP is set in a position table 29 of a multi-channel amplifier 2a by 
a listener in advance. Sensors 1b-L, 1b-R, 1 b-RL, 1 b-RR, 1b-RC and 1 b-SW for detecting 
speaker positions are attached to cabinets of speakers SP-L, SP-R, SP-RL, SP-RR, SP-RC 
and SP-SW respectively. The configuration of each sensor 1b-L, 1b-R, 1 b-RL, 1 b-RR, 1b-RC, 
1 b-SW is the same as that of the sensor 1 a shown in Fig. 8. Since the position of the center 
speaker SP-C is known, it is not necessary to provide a sensor therefor. Each of these 
sensors may receive a measuring signal by use of the speaker as a microphone, to which the 
sensor should be attached, and send the measuring signal to the multi-channel amplifier 2a by 
use of a speaker cable. 
[0059] 

Fig. 1 1 is a flow chart showing a sound field correction process according to this 
embodiment. Processing of Step 401 in Fig. 1 1 is the same as that of Step 101 in Fig. 3, in 
which a measuring signal is supplied from a measuring signal generating portion 25 of the 
multi-channel amplifier 2a to the speaker SP-CL. 

When the measuring signal (measuring sound wave) radiated from the speaker 
SP-CL is received by a microphone 11, the sensor 1b-L of the main speaker SP-L sends a 
notification signal to the multi-channel amplifier 2a so as to notify the multi-channel amplifier 2a 
of the fact that the measuring sound wave has been received (Step 402). 
[0060] 

A time difference measuring portion 32 of the multi-channel amplifier 2a measures a 
time difference between the time instant when the measuring signal was generated from the 
measuring signal generating portion 25 and the time instant when the reception notification 
was received from the sensor 1 b-L through a reception portion 27. The time difference 
measuring portion 32 notifies a position calculating portion 28 of the measured time difference 
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(Step 403). 

The position calculating portion 28 calculates a distance L17 between the speaker 
SP-CL and the sensor 1b-L based on the measured time difference and the sonic velocity 
(Step 404). 
[0061] 

Subsequently, return to Step 401 . Processing from Step 401 to Step 404 is carried 
out again. Here, assume that the measuring signal is supplied to only a right speaker SP-CR 
of the center speaker SP-C, but the measuring signal is not supplied to a left speaker SP-CL of 
the center speaker SP-C. The position calculating portion 28 calculates a distance L18 
between the speaker SP-CR and the sensor 1 b-L based on the time difference measured by 
the time difference measuring portion 32, and the sonic velocity (Step 404). 
[0062] 

After distances between the speakers SP-CL and SP-CR and the sensor 1b-1L are 
calculated individually (YES in Step 405), the position calculating portion 28 calculates the 
position of the sensor 1 b-L, that is, the position of the main speaker SP-L with respect to the 
center speaker SP-C trigonometrically from a known distance L0 between the speakers SP-CL 
and SP-CR and the calculated distances L17 and L18 (Step 406). Since the position of the 
center speaker SP-C with respect to the listening position LP has been stored in the position 
table 29, the position of the main speaker SP-L with respect to the listening position LP can be 
obtained. The position calculating portion 28 stores this position of the main speaker SP-L 
into the position table 29. 
[0063] 

The processing of Steps 401-406 for detecting a speaker position using the speakers 
SP-CL and SP-CR in the aforementioned manner is performed upon the other speakers SP-R, 
SP-RL, SP-RR, SP-RC and SP-SW in turn. 

After termination of calculation of each speaker position (YES in Step 407), go to 
Step 408. Processing of Steps 408, 409 and 41 0 is the same as that of Steps 115,116 and 
117 in Fig. 3 respectively. 
[0064] 

In such a manner, according to this embodiment, the two speakers SP-CL and 
SP-CR having known positions with respect to the listening position LP are used for detecting 
positions of the other speakers to which the sensors have been attached. Thus, it is possible 
to obtain an effect similar to that of the first embodiment. 
[0065] 

The measuring signal (measuring sound wave) used in the first to fourth 
embodiments may be a signal in an audio band or an ultrasonic signal out of the audio band. 
The measuring signal may be supplied to each speaker through a normal speaker cable or by 
use of a dedicated signal line. When an ultrasonic signal is used as the measuring signal, an 
ultrasonic wave may be generated from an ultrasonic transducer attached to a cabinet of each 
speaker. When an ultrasonic signal is used as the measuring signal, there is an advantage 
that measuring can be performed silently. When an audio-band signal is used, the accuracy 
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of distance measurement deteriorates due to the long wavelength. The accuracy of distance 

measurement can be improved when an ultrasonic signal is used. 

[0066] 

In the first to fourth embodiments, the position of each speaker is detected 
two-dimensionally. In the first to third embodiments, it will go well if n (n is a natural number 
not smaller than 2) measuring speakers and n sensors are used. In the fourth embodiment, it 
will go well if n measuring speakers are used. When n>3, the position of each speaker can 
be detected three-dimensionally. 

In the first to fourth embodiments, description has been made on a 6.1 -channel 
digital surround-sound system by way of example. However, the present invention is 
applicable to any system if the system has two or more channels. 

In the first and second embodiments, an electromagnetic wave is used as the second 
measuring signal. However, the second measuring signal may be transmitted to each sensor 
by wire. 

[Industrial applicability] 

The present invention is applicable to a sound reproducing apparatus for driving a 
plurality of speakers to reproduce multi-channel sound. 
Brief Description of the Drawings 
[0068] 

Fig. 1 is a block diagram showing the configuration of a sound reproducing apparatus 
according to a first embodiment of the present invention. 

Fig. 2 is a block diagram showing the configuration of each sensor in the sound 
reproducing apparatus according to the first embodiment of the present invention. 

Fig. 3 is a flow chart showing a sound field correction process in the sound 
reproducing apparatus according to the first embodiment of the present invention. 

Fig. 4 is a diagram for explaining a process for calculating a distance between a 
speaker and a sensor according to the first embodiment of the present invention. 

Fig. 5 is a flow chart showing a process when a listening position is changed 
according to a second embodiment of the present invention. 

Fig. 6 is a diagram for explaining the process when the listening position is changed 
according to the second embodiment of the present invention. 

Fig. 7 is a block diagram showing the configuration of a sound reproducing apparatus 
according to a third embodiment of the present invention. 

Fig. 8 is a block diagram showing the configuration of each sensor in the sound 
reproducing apparatus according to the third embodiment of the present invention. 

Fig. 9 is a flow chart showing a sound field correction process in the sound 
reproducing apparatus according to the third embodiment of the present invention. 

Fig. 10 is a diagram for explaining a speaker position detection process according to 
a fourth embodiment of the present invention. 

Fig. 11 is a flow chart showing a sound field correction process in a sound 
reproducing apparatus according to the fourth embodiment of the present invention. 
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[Explanation of signs] 
[0069] 

1, 1a, 1b Sensor, 2, 2a Multi-channel amplifier, 20 decoder, 21 Multiplexer, 22 SOUND FIELD 
PROCESSING PORTION, 23 CHANGEOVER SWITCH, 24 POWER AMPLIFIER, 25 
MEASURING SIGNAL GENERATING PORTION, 26 REFERENCE SIGNAL TRANSMITTING 
PORTION, 27 RECEPTION PORTION, 28 POSITION CALCULATING PORTION, 29 
POSITION TABLE, 

30 SPEAKER LAYOUT CORRECTION PORTION, 31 SOUND FIELD CONTROL PORTION 
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Abstract 

The position of a speaker is detected two-dimensionaily or three-dimensionally, and a 
sound field is corrected. A sound reproducing apparatus includes a measuring signal 
generating portion for generating a first measuring signal, a transmission portion for 
transmitting a second measuring signal as soon as the first measuring signal is generated, 
sensors disposed in a listening position and for measuring a time difference between a time 
instant when the second measuring signal was received and a time instant when a measuring 
sound wave radiated from a to-be-detected speaker in accordance with the first measuring 
signal was received, and a position calculating portion for calculating a distance, as to each of 
n sensors, between each of the n sensors and the to-be-detected speaker based on the 
measured time difference, and calculating the position of the to-be-detected speaker based on 
distances among the n sensors and the calculated distance. 
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